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Experimental 

Crystal data 

(C 12 H 13 N 2 )[Ni(C 4 N 2 S 2 ) 2 

M, = 709.58 

Triclinic, PI 

a = 7.4505 (13) A 

b = 12.793 (2) A 

c = 17.745 (3) A 

a = 78.664 (2)° 

P = 86.558 (2)° 



Data collection 

Bruker APEX CCD diffractometer 
Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.808, T m „ = 0.876 



Refinement 

R[F 2 > 2a(F 2 )] = 0.051 

wR(F 2 ) = 0.128 

S = 0.97 

7631 reflections 



y = 80.344 (2)° 
V = 1634.2 (5) A 3 
Z = 2 

Mo Ka radiation 
li = 0.89 mm -1 
T = 296 K 

0.25 x 0.20 x 0.15 mm 



14954 measured reflections 
7631 independent reflections 
3616 reflections with / > 1a(I) 
R<„, = 0.050 



408 parameters 

H-atom parameters constrained 
A/w = 0.49 e A~ 3 
Apmh>= -0.37 e A~ 3 



In the anion of the title compound, (C 12 H 1 3N2)[Ni(C4N 2 S2)2], 
the Ni 11 atom is coordinated by four S atoms from two 1,2- 
dicyanoethene-l,2-dithiolate (mnt) ligands in a suqare -planar 
geometry. Weak C— H- ■ -N and C— H- ■ -S hydrogen bonds 
between the l-ethyl-4,4'-bipyridin-l-ium cations and mnt 
anions and weak jt-ti interactions between the pyridine rings 
of the cations [centroid-centroid distances = 3.808 (3) and 
3.972 (3) A] lead to a two-dimensional network parallel to 
(010). 

Related literature 

For general background to bis(l,2-dithiolene) complexes 
acting as magnetic materials or showing non-linear optical 
properties, see: Duan et al. (2010); Kato (2004). For the 
synthesis of the compound, see: Pei et al. (2010). For related 
structures, see: Duan et al. (2011); Liu et al. (2011). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 




D — H 


H-A 


D-A 


D-H-A 


C13-H13- 


■ST 


0.93 


2.78 


3.549 (4) 


141 


C17-H17- 


■N4 1 


0.93 


2.55 


3.441 (6) 


161 


C21-H21- 


■N3" 


0.93 


2.42 


3.342 (6) 


170 


C22-H22- 


■N4" 


0.93 


2.50 


3.372 (5) 


156 


C24-H24- 


■N2 


0.93 


2.46 


3.364 (5) 


163 


C25-H25- 


■Nl 


0.93 


2.52 


3.411 (6) 


161 


C27-H27- 


■N4" 


0.93 


2.58 


3.498 (6) 


172 


C30-H30- 


■N2 


0.93 


2.60 


3.526 (6) 


176 


Symmetry codes: (i) — x - 


hi, -y,-z- 


r 1; (ii) x — l.y.z 


f 1. 





Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors thank the Center of Testing and Analysis, 
Nanjing University of Technology, for support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2630). 
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Bis(1 -ethyl-4,4'-bipyridin-1 -ium) bis(1 ,2-dicyanoethene-1 ,2-dithiolato- 
*: 2 S,S')nickelate(ll) 

Yao Chen, Wei-hua Ning and Jian-Lan Liu 

Comment 

Bis( 1 ,2-dithiolene) complexes of transition metals as an important part of the molecular-based materials have been 
widely studied due to their novel applications in the areas of materials science, medicines and biology (Duan et ah, 2010; 
Kato, 2004). It is known that weak inter- or intramolecular interactions in the complexes could influence on their 
properties. Herein we report the crystal structure of the title compound. The bond lengths and angles in the title 
compound (Fig. 1) are within normal ranges (Duan et ah, 2011; Liu et ah, 2011). Weak C — H— N and C — H— S hydrogen 
bonds between the l-ethyl-4,4'-bipyridin-l-ium cations and l,2-dicyanoethene-l,2-dithiolate anions and weak ti-iz 
interactions between the pyridine rings of the cations [centroid-centroid distances = 3.808 (3) and 3.972 (3) A] lead to a 
two-dimensional network parallel to (010) (Fig. 2). 

Experimental 

The title compound was prepared by a method similar to that reported in literature (Pei et ah, 2010). Nickel chloride 
hexahydrate (238 mg, 1.00 mmol) and disodium maleonitriledithiolate (365 mg, 2.00 mmol) were mixed under stirring in 
water (50 ml) and heated to boiling for about 20 min. After filtering the red solution, an aequeous solution of l-ethyl-4,4'- 
bipyridin- 1 -ium bromide (554 mg, 2.00 mmol) was added dropwise to the filtrate. The immediately formed dark red 
precipitate was filtered off, washed with water and dried in vacuum oven, giving the crude product (yield: 511 mg, 72%). 
Red block-like single crystals were obtained by slow evaporation of the crude in an acetonitrile solution at room 
temperature in about two weeks. 

Refinement 

H atoms were positioned geometrically and refined as riding atoms, with C — H = 0.93 (CH), 0.97 (CH 2 ) and 0.96 (CH 3 ) 
A and with t/ ls0 (H) = 1.2(1.5 for methyl) U eq (C). 

Computing details 

Data collection: SMART (Bruker, 2007); cell refinement: SAINT (Bruker, 2007); data reduction: SAINT (Bruker, 2007); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 2 

A packing diagram of the title compound viewed down the a axis. Dashed lines indicate hydrogen bonds. 
Bis(1-ethyl-4,4'-bipyridin-1-ium) bis(1,2-dicyanoethene-1,2-dithiolatoVS,S0nickelate(ll) 



Crystal data 

(Ci2H 13 N 2 )[Ni(C4N 2 S2)2] 

M r = 709.58 

Triclinic, PI 

Hall symbol: -P 1 

a = 7.4505 (13) A 

b= 12.793 (2) A 

c = 17.745 (3) A 

a = 78.664 (2)° 

0= 86.558 (2)° 

y = 80.344 (2)° 

V= 1634.2 (5) A 3 

Data collection 

Broker APEX CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
tp and co scans 



Z=2 

P(000) = 732.0 

D,= 1.442 Mgrn" 3 

Mo radiation, 1 = 0.71073 A 

Cell parameters from 1518 reflections 

6 = 2.3-19.7° 

,u = 0.89 mm- 1 

T=296K 

Block, red 

0.25 x 0.20 x 0.15 mm 



Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
T mm = 0.808, = 0.876 
14954 measured reflections 
763 1 independent reflections 
3616 reflections with/> 2o(I) 
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R mt = 0.050 

#max = 28.0°, 0 min = 1.6° 

h = -9^9 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 2 >2a(F 2 )] =0.051 

wRiF 1 )^ 0.128 

5=0.97 

7631 reflections 

408 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



£ = -16->16 
/= -23-»20 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w= l/[^(F o 2 ) + (0.0418F) 2 ] 

where P = (F 2 + 2F 2 )I?> 
(A/a) max <0.001 
Ap max = 0.49 e A" 3 
A/w = -0.37 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


77- */U 

^iso / ^eq 


Nil 


0.82715 (7) 


0.22869 (4) 


0.39454 (3) 


0.04134(16) 


SI 


0.73997 (14) 


0.35458 (7) 


0.46177 (6) 


0.0484 (3) 


S2 


0.76184 (16) 


0.10350 (7) 


0.48848 (6) 


0.0547 (3) 


S3 


0.87246 (15) 


0.35324 (8) 


0.29580 (6) 


0.0528 (3) 


S4 


0.93428 (17) 


0.10088 (8) 


0.33202 (6) 


0.0613 (3) 


C2 


0.6768 (5) 


0.2822 (3) 


0.5502 (2) 


0.0441 (9) 


CI 


0.6135 (6) 


0.3411 (3) 


0.6099 (2) 


0.0499 (10) 


C3 


0.6833 (5) 


0.1733 (3) 


0.5608 (2) 


0.0440(10) 


C4 


0.6232 (6) 


0.1130(3) 


0.6311 (2) 


0.0551 (11) 


C6 


0.9759 (5) 


0.2797 (3) 


0.2284 (2) 


0.0465 (10) 


C5 


1.0367 (6) 


0.3382 (3) 


0.1563 (2) 


0.0565 (12) 


C7 


1.0008 (5) 


0.1697 (3) 


0.2436 (2) 


0.0479 (10) 


C8 


1.0813 (6) 


0.1076 (3) 


0.1876 (2) 


0.0558 (11) 


C9 


0.2604 (6) 


0.3605 (3) 


0.4593 (3) 


0.0606 (12) 


H9 


0.2870 


0.4231 


0.4273 


0.073* 


C10 


0.1955 (5) 


0.3644 (3) 


0.5330 (3) 


0.0576 (12) 


H10 


0.1772 


0.4301 


0.5497 


0.069* 


Cll 


0.1563 (5) 


0.2723 (3) 


0.5835 (2) 


0.0461 (10) 


C12 


0.1837 (6) 


0.1787 (3) 


0.5540 (2) 


0.0577 (12) 


H12 


0.1594 


0.1148 


0.5850 


0.069* 


C13 


0.2461 (6) 


0.1784 (3) 


0.4801 (3) 


0.0609 (12) 


H13 


0.2615 


0.1140 


0.4618 


0.073* 


C14 


0.0815 (5) 


0.2768 (3) 


0.6632 (2) 


0.0481 (10) 
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pi f 


A AzT 1 A /ZT\ 

0.0630 (6) 


A 1 ZT AO /I \ 

0.3698 (3) 


A ZT AT 1 /T \ 

0.6932 (3) 


A AzT "71 /I 1\ 

0.0672 (13) 


TJ 1 C 

HI j 


A 1 A1 O 

0.1012 


A A 1 1 

0.4316 


a zcz; A c 
0.6645 


A AO 1 * 


C16 


A A 1 1 /I /z~\ 

-0.0124 (6) 


A 1 TAA / /I \ 

0.3709 (4) 


0.7661 (3) 


AA"711 S1A\ 

0.0713 (14) 


i_ri £. 
H16 


A AO 1 C 

—0.0213 


A >1 1 A C 

0.4345 


0. /849 


A AO/:* 

0.086^ 


C17 


A AC 1 ZT /T\ 

-0.0516 (7) 


A 1 ATT { A \ 

0.1977 (4) 


A TO 1 /I /"I \ 

0.7814 (3) 


A A*70 C / 1 C\ 

0.0785 (15) 


H17 


-0.0891 


0.1368 


0.8117 


A A A A stc 

0.094* 


C18 


a aooa 
U.Uzzu (6) 


A 1 OAA 

U.189U (3) 


U. /U8 / (3j 


U.U645 (13) 


H18 


A AO AA 

0.0309 


0.1244 


0.6911 


A ATT sk 

0.077* 


pin 

C19 


A 1 CT ZT i £\ 

0.3576 (6) 


A Iff 1 / /I \ 

0.2552 (4) 


A 1 CI A /1\ 

0.3530 (2) 


0.0682 (13) 


H19A 


0.4785 


0.2126 


0.3566 


A A Ol sfc 

0.082* 


T r i od 

HlyB 


0.2 /95 


0.215V 


A Till 

0.3312 


A AOO * 


C20 


0.3667 (7) 


A 1 /"A A / /I \ 

0.3600 (4) 


A ~) A A ") /1\ 

0.3003 (3) 


A AACZ" / 1 T\ 

0.0956 (17) 


T-TO A A 


0.250 / 


0.405 / 


A TAAz: 

0.3006 


A 1/11* 

0. 143^ 


H20B 


a i mi 

0.3972 


A 1 /I TZT 

0.3476 


A 1 /I A 1 

0.2491 


A 1/11* 

0.143* 


T 1 "1 np 

H20L 


A /I C Ol 

0.4582 


A 1 A /I 1 

0.3943 


A 1 1 1A 

0.3170 


A 1/11* 

0.143* 


C21 


A 1 /T A A { £L\ 

0.2644 (6) 


A OT/I ZT / A\ 

0.2 /46 (4) 


A AC 1 C /I \ 

0.9515 (3) 


A ATC A / 1 A \ 

0.0/54 (14) 


t n 1 


A 1 1 AT 

0.2103 


A 1 1 1 ZT 

0.3136 


A AOOI 

0.9883 


A AAA* 

0.090* 


C2z 


0.2539 (6) 


U.16 / I (4) 


a n£ 1 1 

u.y6ii (z) 


A A£0^ /I 1\ 

U.U686 (13) 


T TO O 

H22 


0.1919 


0.1345 


1.0040 


A A Ol * 

0.082* 


C23 


U. 3346 (5) 


A 1 ftCI / A\ 

(J. 11)53 (4) 


U.9U/6 (Z) 


A ACZTT /1 1 A 
0.056/ (11) 


C24 


A /I O/l 0 //^ 

U.4z4o (6) 


U.16U5 (4) 


U.8456 (Z) 


A AZTQQ /I 1\ 

0.0688 (13) 


T 11 /I 

H24 


l\ A (JO 1 

0.4823 


A 1 Tl 1 

0.1231 


A O AO C 

0.8085 


A AOI * 

0.083* 


po c 

C25 


A /I'll 1 /T\ 

0.4311 (7) 


A 1 Z^T A / /I \ 

0.2679 (4) 


0.8376 (3) 


A ATAZT / 1 C\ 

0.0796 (15) 


T T1 C 

Hz 5 


a /inn 

0.4917 


a i An 

0.3027 


A TAC 1 

0.7951 


A AAC * 

0.095* 


Czo 


U.3Z54 (6J 


A A 1 0£ f/l A 

— U.U1Z6 (4) 


A O 1 HCl /OA 

u.yi /V (Z) 


A A£^70 / 1 1 \ 
U.U5 11 (11) 


C27 


A 1CA1 //"\ 

0.2592 (6) 


A A"7AA / A \ 

-0.0700 (4) 


A A O C T /I \ 

0.9857 (3) 


a An/ /1 i\ 

0.0676 (13) 


T TO "7 

H27 


0.2166 


A AT cn 

-0.0359 


1 AlzT /I 

1.0264 


A AO 1 * 

0.081* 


C28 


A 1 C O 1 /ZT\ 

0.2581 (6) 


A 1 TOf / A\ 

-0.1785 (4) 


A AAAA 

0.9909 (3) 


A ATC A / 1 yl \ 

0.0759 (14) 


Hzo 


U.zl3z 


(1 Tic? 

— U.Z155 


1.U36 / 


A AO 1 * 

u.uy i 


C29 


0.3719 (8) 


/~\ 1 TOT / C\ 

-0.1787 (5) 


r\ o Tl 1 /I \ 

0.8721 (3) 


f\ AAAA / 1 f \ \ 

0.0989 (19) 


H29 


A /I ATA 

0.4079 


-0.2151 


0.8318 


0.119* 


pin 
C30 


n Ton 
U.382Z (/) 


—0.0688 (4) 


A of on /i\ 

U.8559 (3J 


A A"70 C / 1 C\ 
U.U/85 (15) 


t to a 

H30 


0.4259 


A AT -1 1 

-0.0341 


0.8121 


A A A A * 
0.094* 


C31 


A 1 /" 1 /I ZO\ 

0.3614 (8) 


A A A*) O / A\ 

0.4438 (4) 


A O O 1 1 /I \ 

0.8812 (3) 


A AA1 1 / 1 T\ 

0.0931 (17) 


H31A 


0.3367 


A /I TO O 

0.4788 


A 0 1 O A 

0.8284 


0.112* 


H3 its 


A i/;on 

U.z6sy 


A /I C 

0.4/60 


A A1 A A 
0.9140 




C32 


A C A 1 1 /A\ 

U.5411 (yj 


A /I zT 1 zT //I \ 

0.4616 (4) 


A AAAA 

0.9009 (4J 


A 1 OA { r "\\ 

U. 121) (z) 


HjzA 


U.5 /15 


A /I 1AA 

0.4209 


0.9512 


A 1 O 1 * 


t_to otj 
H32B 


U.5353 


A C1TA 

0.53 /0 


A AAAC 

0.9005 


A 1 O 1 * 

U.181 


imp 
H3zC 


U.63U8 


0.4386 


A Oz: yl A 

0.8640 


A 1 O 1 * 


XT 1 


U.5638 (5) 


A 1 OT1 /T \ 

0.38 /3 (3) 


A zCCOC ZO\ 

0.6585 (2J 


A ATI 1 

0.0/11 (11) 


XTO 

N2 


0.5710 (6) 


A AzTI /I /T \ 

0.0624 (3) 


0.6863 (2) 


A AOIA /n\ 

0.0819 (13) 


IN J 


1 0878 (f,\ 
1 .wo / o \o J 


0 ^86^ (X\ 


n i on? <i\ 

V). 1 UUZ ^Z J 




N4 


1.1447 (6) 


0.0573 (3) 


0.1433 (2) 


0.0788 (13) 


N5 


0.2860 (4) 


0.2673 (3) 


0.4330 (2) 


0.0513 (9) 


N6 


-0.0723 (5) 


0.2883 (3) 


0.8109 (2) 


0.0716(11) 


N7 


0.3506 (5) 


0.3244 (3) 


0.8906 (2) 


0.0708 (11) 


N8 


0.3154 (6) 


-0.2354 (4) 


0.9367 (3) 


0.0889(13) 
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Atomic displacement parameters (A 2 ) 





U n 


U 22 


V 33 


IP- 2 


U 13 


U 23 


Nil 


0.0509 (3) 


0.0353 (3) 


0.0370 (3) 


-0.0089 (2) 


0.0064 (2) 


-0.0055 (2) 


SI 


0.0639 (7) 


0.0369 (5) 


0.0446 (6) 


-0.0108 (5) 


0.0060 (5) 


-0.0085 (4) 


S2 


0.0809 (8) 


0.0356 (6) 


0.0452 (7) 


-0.0104 (5) 


0.0182 (6) 


-0.0072 (5) 


S3 


0.0705 (8) 


0.0391 (6) 


0.0450 (7) 


-0.0087 (5) 


0.0151 (6) 


-0.0043 (5) 


S4 


0.0992 (10) 


0.0382 (6) 


0.0447 (7) 


-0.0145 (6) 


0.0226 (6) 


-0.0081 (5) 


C2 


0.045 (2) 


0.046 (2) 


0.041 (2) 


-0.0056(18) 


0.0023 (19) 


-0.0091 (18) 


CI 


0.055 (3) 


0.049 (2) 


0.045 (3) 


-0.006 (2) 


0.001 (2) 


-0.009 (2) 


C3 


0.051 (3) 


0.041 (2) 


0.037 (2) 


-0.0031 (19) 


0.0066 (19) 


-0.0056 (18) 


C4 


0.069 (3) 


0.048 (2) 


0.045 (3) 


-0.005 (2) 


0.014 (2) 


-0.009 (2) 


C6 


0.054 (3) 


0.049 (2) 


0.034 (2) 


-0.009 (2) 


0.003 (2) 


-0.0032 (18) 


C5 


0.077 (3) 


0.048 (3) 


0.043 (3) 


-0.008 (2) 


0.010 (2) 


-0.010 (2) 


C7 


0.065 (3) 


0.044 (2) 


0.036 (2) 


-0.010 (2) 


0.009 (2) 


-0.0108(18) 


C8 


0.079 (3) 


0.050 (3) 


0.035 (3) 


-0.012 (2) 


0.002 (2) 


0.000 (2) 


C9 


0.064 (3) 


0.047 (3) 


0.070 (3) 


-0.015 (2) 


-0.001 (3) 


-0.004 (2) 


CIO 


0.066 (3) 


0.035 (2) 


0.074 (3) 


-0.014 (2) 


0.003 (3) 


-0.011 (2) 


Cll 


0.047 (2) 


0.035 (2) 


0.057 (3) 


-0.0102 (18) 


-0.007 (2) 


-0.0064 (19) 


C12 


0.075 (3) 


0.040 (2) 


0.059 (3) 


-0.015 (2) 


0.002 (3) 


-0.007 (2) 


C13 


0.077 (3) 


0.046 (3) 


0.061 (3) 


-0.012 (2) 


0.002 (3) 


-0.011 (2) 


C14 


0.045 (2) 


0.041 (2) 


0.058 (3) 


-0.0047 (19) 


0.000 (2) 


-0.011 (2) 


C15 


0.086 (4) 


0.048 (3) 


0.070 (3) 


-0.014 (2) 


0.012(3) 


-0.018 (2) 


C16 


0.089 (4) 


0.054 (3) 


0.075 (4) 


-0.016(3) 


0.004 (3) 


-0.021 (3) 


C17 


0.101 (4) 


0.057 (3) 


0.076 (4) 


-0.019(3) 


0.014(3) 


-0.008 (3) 


C18 


0.083 (3) 


0.046 (3) 


0.064 (3) 


-0.013 (2) 


0.003 (3) 


-0.009 (2) 


C19 


0.056 (3) 


0.092 (4) 


0.053 (3) 


-0.020 (3) 


-0.005 (2) 


0.005 (3) 


C20 


0.098 (4) 


0.098 (4) 


0.093 (4) 


-0.020 (3) 


0.003 (3) 


-0.021 (4) 


C21 


0.083 (4) 


0.089 (4) 


0.047 (3) 


-0.003 (3) 


0.016(3) 


-0.010(3) 


C22 


0.078 (3) 


0.080 (3) 


0.041 (3) 


-0.007 (3) 


0.017 (2) 


-0.007 (2) 


C23 


0.049 (3) 


0.075 (3) 


0.042 (3) 


-0.002 (2) 


0.002 (2) 


-0.009 (2) 


C24 


0.086 (4) 


0.077 (3) 


0.043 (3) 


-0.016(3) 


0.017(3) 


-0.012 (2) 


C25 


0.090 (4) 


0.088 (4) 


0.054 (3) 


-0.013 (3) 


0.020 (3) 


-0.007 (3) 


C26 


0.049 (3) 


0.081 (3) 


0.041 (3) 


-0.010 (2) 


0.003 (2) 


-0.013 (2) 


C27 


0.066 (3) 


0.085 (4) 


0.049 (3) 


-0.014(3) 


0.012 (2) 


-0.008 (3) 


C28 


0.071 (4) 


0.090 (4) 


0.064 (4) 


-0.018(3) 


0.001 (3) 


-0.007 (3) 


C29 


0.121 (5) 


0.095 (4) 


0.086 (4) 


-0.027 (4) 


0.033 (4) 


-0.031 (4) 


C30 


0.100(4) 


0.082 (4) 


0.053 (3) 


-0.017(3) 


0.022 (3) 


-0.017(3) 


C31 


0.109 (5) 


0.070 (4) 


0.084 (4) 


0.010(3) 


-0.003 (4) 


0.005 (3) 


C32 


0.144 (6) 


0.083 (4) 


0.137(6) 


-0.017 (4) 


-0.003 (5) 


-0.026 (4) 


Nl 


0.094 (3) 


0.067 (3) 


0.054 (3) 


-0.006 (2) 


0.009 (2) 


-0.026 (2) 


N2 


0.112(3) 


0.075 (3) 


0.051 (3) 


-0.016 (2) 


0.025 (2) 


-0.001 (2) 


N3 


0.124(4) 


0.074 (3) 


0.053 (3) 


-0.024 (3) 


0.029 (3) 


-0.001 (2) 


N4 


0.123 (4) 


0.062 (3) 


0.052 (3) 


-0.014 (2) 


0.023 (2) 


-0.021 (2) 


N5 


0.046 (2) 


0.047 (2) 


0.060 (2) 


-0.0098 (17) 


-0.0047(18) 


-0.0043 (18) 


N6 


0.088 (3) 


0.062 (3) 


0.068 (3) 


-0.011 (2) 


0.006 (2) 


-0.020 (2) 


N7 


0.078 (3) 


0.073 (3) 


0.052 (3) 


0.001 (2) 


0.005 (2) 


-0.003 (2) 


N8 


0.101 (4) 


0.087 (3) 


0.080 (3) 


-0.022 (3) 


0.013 (3) 


-0.018 (3) 
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Geometric parameters (A, ") 



Nil— SI 


2.1796(11) 


C17— H17 


0.9300 


Nil— S2 


2.1668 (11) 


C18— H18 


0.9300 


Nil— S4 


2.1703 (11) 


CI 9— C20 


1.485 (6) 


Nil— S3 


2.1760(11) 


CI 9— N5 


1.515 (5) 


SI— C2 


1.740(4) 


C19— H19A 


0.9700 


S2— C3 


1.723 (4) 


C19— H19B 


0.9700 


S3— C6 


1.731 (4) 


C20— H20A 


0.9600 


S4— C7 


1.730 (4) 


C20— H20B 


0.9600 


C2— C3 


1.362 (5) 


C20— H20C 


0.9600 


C2— CI 


1.431 (5) 


C21— N7 


1.331 (5) 


CI— Nl 


1.149 (4) 


C21— C22 


1.367 (6) 


C3— C4 


1.422 (5) 


C21— H21 


0.9300 


C4— N2 


1.148 (5) 


C22— C23 


1.398 (5) 


C6— C7 


1.362 (5) 


C22— H22 


0.9300 


C6— C5 


1.440 (5) 


C23— C24 


1.388 (5) 


C5— N3 


1.143 (5) 


C23— C26 


1.496 (6) 


C7— C8 


1.434 (5) 


C24— C25 


1.362 (6) 


C8— N4 


1.145 (5) 


C24— H24 


0.9300 


C9— N5 


1.346 (5) 


C25— N7 


1.350 (5) 


C9— CIO 


1.374 (5) 


C25— H25 


0.9300 


C9— H9 


0.9300 


C26— C27 


1.390 (5) 


CIO— Cll 


1.395 (5) 


C26— C30 


1.390 (5) 


CIO— HIO 


0.9300 


C27— C28 


1.374 (6) 


Cll— C12 


1.378 (5) 


C27— H27 


0.9300 


Cll— C14 


1.498 (5) 


C28— N8 


1.326 (5) 


C12— C13 


1.366 (5) 


C28— H28 


0.9300 


C12— H12 


0.9300 


C29— N8 


1.317(6) 


CI 3— N5 


1.338 (5) 


C29— C30 


1.394 (6) 


C13— H13 


0.9300 


C29— H29 


0.9300 


C14— CI 8 


1.370 (5) 


C30— H30 


0.9300 


C 1 4 C 1 5 


1 (*,\ 
i . j i y \~) j 




1 ,TUO \ > ) 


C15— C16 


1.380 (6) 


C31— N7 


1.519(6) 


C15— H15 


0.9300 


C31— H31A 


0.9700 


CI 6— N6 


1.316(5) 


C31— H31B 


0.9700 


C16— H16 


0.9300 


C32— H32A 


0.9600 


CI 7— N6 


1.346 (5) 


C32— H32B 


0.9600 


C17— C18 


1.388 (6) 


C32— H32C 


0.9600 


S2— Nil— S4 


87.25 (4) 


C20— CI 9— H19B 


108.9 


S2— Nil— S3 


175.30 (5) 


N5— CI 9— H19B 


108.9 


S4— Nil— S3 


91.97(4) 


H19A— CI 9— H19B 


107.7 


S2— Nil— SI 


92.18 (4) 


CI 9— C20— H20A 


109.5 


S4— Nil— SI 


175.51 (5) 


CI 9— C20— H20B 


109.5 


S3— Nil— SI 


88.96 (4) 


H20A— C20— H20B 


109.5 


C2— SI— Nil 


102.87 (13) 


CI 9— C20— H20C 


109.5 


C3— S2— Nil 


103.49 (13) 


H20A— C20— H20C 


109.5 


C6— S3— Nil 


103.08 (13) 


H20B— C20— H20C 


109.5 


C7— S4— Nil 


103.58 (13) 


N7— C21— C22 


121.2 (4) 
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p O / 1 -\ S' < -I 

C3 — C2 — CI 


111 /O \ 

121.6 (3) 


xn pn TTO 1 

N7 — C21 — H21 


1 1 A /I 

119.4 


p O P O c 1 

C3 — C2 — S 1 


1 O A /I /'O \ 

120.4 (3) 


pn poi TTOI 

C22 — C2 1 — H2 1 


1 1 A A 

119.4 


f i PO ri 1 

CI — C2 — SI 


inn /o\ 

117.9 (3) 


pn pn pn 

C2 1 — C22 — C23 


1 O 1 o \ 

121.3 (4) 


xt 1 p 1 po 

Nl — CI — C2 


1 TA O /C\ 

179.2 (5) 


<^"0 1 pn TTOO 

C21 — C22 — H22 


1 1 A A 

119.4 


PO PO P A 

C2 — C3 — C4 


ni c /o \ 

121.5 (3) 


pn pn ttoo 

C23 — C22 — H22 


1 1 A A 

119.4 


C2 — C3 — S2 


1 o 1 a /o \ 

121.0 (3) 


p r\ A POO /~ioo 

C24 — C23 — C22 


115.5 (4) 


p a po o o 

C4 — C3 — S2 


i n c si\ 

117.5 (3) 


C24 — C23 — C26 


TOO O / A\ 

122.8 (4) 


N2 — C4 — C3 


177.3 (5) 


P'OO POO /" " / 

C22 — C23 — C26 


121.7 (4) 


r~*n t~^£ r~*c 

C7 — Co — C5 


ni a /o \ 

121.0 (3) 


PTC /""O/l pn 

C25 — C24 — C23 


1 O 1 £L ( A\ 

121.6 (4) 


C7 — Co — S3 


111 A /O \ 

121.0 (3) 


PTf po /I TTO/1 

C25 — C24 — H24 


1 1 A O 

119.2 


P c p*^ o o 

C5 — Co — S3 


1 1 o a /o \ 

118.0 (3) 


pn po /] TTO/1 

C23 — C24 — H24 


1 1 A O 

119.2 


JN3 — C5 — Co 


177.9 (5) 


XT*7 PTC i~*"t A 

N 7 — C2 5 — C24 


1 OA O ( C\ 

120.8 (5) 


Co — C7 — Co 


111 *7 /O \ 

121.7 (3) 


XTT pof TTOC 

N7 — C25 — H25 


1 1 A / 

119.6 


Co — C7 — S4 


1 O A O /O \ 

120.3 (3) 


p/-» /I POC TTOC 

C24 — C25 — H25 


lift/ 

119.6 


C8 — C7 — S4 


1 1 O A /O \ 

118.0 (3) 


p<-}"7 PO/" /'■'-> /\ 

C27 — C26 — C30 


117.4 (4) 


N4 — C8 — C7 


179.4 (5) 


PT7 PO/" pn 

C27 — C26 — C23 


1 O O A / A \ 

122.0 (4) 


\Tf c ' ft pi A 

N5 — C9 — CIO 


1 OA O //I \ 

120.8 (4) 


P'JA / < /_ POO 

C30 — C26 — C23 


1 OA £L ( A \ 

120.6 (4) 


\Tf P ft TTA 

N5 — C9 — H9 


1 1 A /" 

119.6 


p ^1 O POT /" ' o / 

C28 — C27 — C26 


i 1 i 1 Q A /C\ 

118.4 (5) 


Z" 1 1 /A PA TTfk 

CIO — C9 — H9 


119.6 


PIO /^OT TTOT 

C28 — C27 — H27 


120.8 


C • ft p 1 ft p | 1 

C9 — CIO — Cll 


121.6 (4) 


C ' ^\ i""~)H TTOT 

C2o — C27 — H27 


1 OA O 

120.8 


pa pin ttia 

C9 — CIO — H10 


1 1 A O 

119.2 


xto pio nn - 

No — C28 — C27 


1 O C A f C\ 

125.9 (5) 


/-II 1 P | /\ IT1 A 

Cll — CIO — H10 


1 1 A 1 

119.2 


XTO pn TTOO 

N8 — C28 — H28 


1 1 T A 

117.0 


Cl2 — Cll — CIO 


115.7 (4) 


C27 — C28 — H28 


117.0 


p 1 -> rill P 1 /I 

C12 — Cll — C14 


1 OO H S1\ 

122. 7 (3) 


xto p^n p ") r\ 

N8 — C29 — C30 


1 O C C /C\ 

125.5 (5) 


PI A ni I P 1 /I 

CIO — Cll — C14 


ni z: /o \ 

121.6 (3) 


xto nn [Tin 

N 8 — C29 — H29 


1 1 *7 O 

117.3 


C13 — C12 — Cll 


121.0 (4) 


p'OA POA TTO A 

C30 — C29 — H29 


117.3 


P i •-> /-i i ill i 

C13 — C12 — H12 


119.5 


p ^ / POA /^OA 

C26 — C30 — C29 


118.0 (5) 


pi 1 pn TT1 1 

Cll — C12 — H12 


1 1 A C 

119.5 


p ^) /- POA TTOA 

C26 — C30 — H30 


1 O 1 A 

121.0 


\Tf pit pn 

N5 — C13 — C12 


1 OO A / A\ 

122.4 (4) 


C29 — C30 — H30 


1 O 1 A 

121.0 


\Tf p 1 TT1 1 

N5 — C13 — H13 


118.8 


/^OO p o i \in 

C32 — C31 — ^N7 


111.8 (4) 


p 1 i p 1 1 T T 1 O 

C12 — C13 — H13 


118.8 


f ^ ^> i-\ p i -i T TO 1 A 

C32 — C3 1 — H3 1 A 


109.3 


p 1 O p i /) PIC 

C18 — C14 — C15 


i n A / A \ 

117.0 (4) 


XTT /" < -> 1 TTO 1 A 

N7 — C31 — H31A 


1 AA O 

109.3 


p 1 o p 1 1 pi 1 

C18 — C14 — Cll 


1 OA A 

120.9 (4) 


POO PO 1 TTO 1 n 

C32 — C31 — H31B 


1 AA O 

109.3 


p i ^ p -i /i p 1 1 
C15 — C14 — Cll 


1 O O A / A \ 

122.0 (4) 


\rn PO 1 TTO 1 T> 

N7 — C31 — H31B 


109.3 


p i ^ p -i p i /- 

C14 — C15 — C16 


119.7 (4) 


TTO 1 A /-■"-> 1 TTO 1 T"> 

H31A — C31 — H31B 


107.9 


p 1 /I PIC TT1C 

C 1 4 — C 1 5 — H 1 5 


1 OA 1 

120.1 


POI POO TTOO A 

C3 1 — C32 — H32A 


1 AA C 

109.5 


p 1 / PIC TT1C 

Clo — C15 — H15 


1 OA 1 

120.1 


PO 1 POO TTOOT3 

C3 1 — C32 — H32B 


1 AA C 

109.5 


\T/' p 1 /- p 1 C 

No — Clo — C15 


1 O A O / /I \ 

124.8 (4) 


TTOO A /"'I -\ TTOOTi 

H32A — C32 — H32B 


109.5 


XTzl /"" 1 /: TT1 /T 

N6 — Clo — HI 6 


in/ 

117.6 


p O 1 POO TTOO/^ 1 

C3 1 — C32 — H32C 


1 AA C 

109.5 


pi f p | /_ TTIjC 

C15 — Clo — Hlo 


117.6 


TTOO A p ") -> TTOO Z -1 

H32A — C32 — H32C 


1 AA C 

109.5 


xtz: pn p i o 

No — C17 — C18 


1 O /I /I //I \ 

124.4 (4) 


TTOOFl PTO TTOO/" 1 

H32B — C32 — H32C 


1 AA C 

109.5 


XTzl pin TT1T 

No — C17 — H17 


1 1 *7 O 

117.8 


pi O XTC /^A 

C13 — N5 — C9 


1 1 O C / /I \ 

118.5 (4) 


p i O PIT TT1 1 

C18 — C17 — H17 


1 1 T O 

117.8 


p i -> XTC /" < 1 pi 

C13 — N5 — C19 


1 1 T A /O \ 

117.0 (3) 


P14 pis P1 7 


110 1 C4^ 

117.1 ^T- ^ 


PQ MS no 


1 94 S f4"> 


C14— C18— H18 


120.5 


CI 6— N6— C17 


114.9(4) 


C17— C18— H18 


120.5 


C21— N7— C25 


119.6(4) 


C20— CI 9— N5 


113.4 (4) 


C21— N7— C31 


120.4 (4) 


C20— CI 9— H19A 


108.9 


C25— N7— C31 


120.0 (4) 


N5— CI 9— H19A 


108.9 


C29— N8— C28 


114.7(5) 
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Hydrogen-bond geometry (A, ") 



D—R-A 


D — H 


R-A 


D-A 


D—R-A 


C13— H13-S2' 


0.93 


2.78 


3.549 (4) 


141 


C17— H17-N4' 


0.93 


2.55 


3.441 (6) 


161 


C21— H21-N3" 


0.93 


2.42 


3.342 (6) 


170 


C22— H22-N4" 


0.93 


2.50 


3.372 (5) 


156 


C24— H24-N2 


0.93 


2.46 


3.364 (5) 


163 


C25— H25-N1 


0.93 


2.52 


3.411 (6) 


161 


C27— H27-N4" 


0.93 


2.58 


3.498 (6) 


172 


C30— H30-N2 


0.93 


2.60 


3.526 (6) 


176 



Symmetry codes: (i) -x+ 1 , -y, -z+ 1 ; (ii) x-\,y,z+\. 
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